The detection of left ventricular hypertrophy has become an important clinical goal, particularly for the diagnosis of aortic valve disease and the assessment of hypertension. There are several methods of evaluating left ventricular hypertrophy-palpation of the apex beat, measurement of numerous electrocardiographic variables, and, more recently, echocardiography-but there is little information about the relative reliability of these various techniques in predicting the severity of aortic stenosis.
This study compares the clinical, electrocardiographic, and echocardiographic assessments of left ventricular hypertrophy with the haemodynamic findings in patients suspected of having important aortic stenosis.
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Accepted for publication 6 August 1985 Patients and methods One hundred and nineteen patients with a clinical diagnosis of important aortic stenosis were studied at admission for cardiac catheterisation. There were 71 males and 48 females (mean age of 51 years, range Left ventricular mass The pattem of correlation coefficients for left ventricular mass was qualitatively similar to that with wall thickness, but less close (Table 2) .
Predicted left ventricular pressure Neither of the two formulas for predicting left ventricular pressure was as closely correlated with measured left ventricular pressure as was mean diastolic wall thickness, and 95% confidence intervals were wider ( Table 2 , Fig. b) . Again, end diastolic measurements (as used in the formula of Aziz) were better predictors than end systolic measurements (as used in the formula of Bennett). When a group (group 6) of children (< 16 years) was analysed, the results were completely different ( Table 2 ). The correlation of pressure gradient across the aortic valve or left ventricular pressure with mean diastolic wall thickness was poor, presumably because of the wide range of ages and therefore heart sizes in the group. The formulas for predicting left ventricular pressure, particularly the Bennett formula, were considerably more accurate.
Discussion
The electrocardiographic9 l and echocardiographic12 methods of demonstrating left One of the strengths of electrocardiography is that it can be performed on all patients and there are no important technical constraints in making a recording. With echocardiography the technical quality of the recording is of great importance, particularly when thicknesses are measured, since even small errors are a considerable proportion of the total measurement.'4 In this study high standards were achieved in 42% of patients. When poorer quality echocardiograms were analysed, the correlations with pressure gradient across the aortic valve and left ventricular pressure were reduced to those achieved by electrocardiogram. When high quality echocardiograms were available, mean diastolic left ventricular wall thickness was the best predictor of the severity of aortic stenosis. In children wall thickness was a poor predictor of aortic stenosis because the range of heart sizes was much greater than that in adults. Precordial voltage, however, was if anything more accurate when applied to children than when applied to adults.
HYPERTENSION
Hypertension is a potentially confounding variable in the relation between left ventricular wall thickness and pressure gradient across the aortic valve. Patients with established hypertension were excluded from the study, and no patients were on hypotensive treatment (even for angina). On admission to hospital five patients had a diastolic blood pressure of > 100 mm Hg, but none was > 110 mm Hg. Their mean (SD) systolic blood pressure was 158 (13) mm Hg. Because hypertension had not previously been recognised in these patients they were included in the study. Only two satisfied the criteria for group 4 (mean rate of circumferential shortening > 1 circ/s and high quality echocardiograms).
FORMULAS FOR PREDICTING LEFT VENTRICULAR PRESSURE
The theoretical basis for predicting left ventricular pressure is a highly simplified form of the law of Laplace, which states that circumferential stress in a thin-walled sphere is proportional to internal pressure and cavity diameter and inversely proportional to wall thickness. With end diastolic measurements (rather than the end systolic measurements of Bennett's formula), since peak systolic wall stress occurs at the onset of systole before there has been appreciable fibre shortening.
Whatever the theoretical basis for the formulas, they all contain the well documented relation between left ventricular pressure and wall thickness, and for practical purposes it is important to know how much the formulas depends on this relation for their correlation, and how much the inclusion of the second variable, cavity dimension, alters the correlation. In the present study it was quite clear that except in children the correlation between left ventricular pressure and ventricular wall thickness was closer than the correlation between measured and predicted left ventricular pressures from the two formulas whatever group of adult patients was chosen. Left ventricular wall thickness was a poor predictor of left ventricular pressure in children, however, presumably because of the large range of heart sizes, and in children the Bennett formula performed reasonably well (r=0 68). There is a close relation between cavity dimension and body surface area in children, even in those with aortic stenosis,7 and the most likely explanation of these findings is that cavity dimension functions as a normalising variable and therefore is of most value in children where the range of cavity dimensions is largest. Although sensitivity was very low for the Aziz formula, specificity was high (93%). This was largely due to the fact that the formula tended to underestimate left ventricular pressure, particularly at the lower end of the pressure range as is shown by the regression line (Fig. c) .
There are several other possible reasons why the formulas for predicting left ventricular pressure from echocardiographic recordings are inaccurate.
Poor quality of echocardiographic recordings Poor images cannot provide accurate measurements, and it is clear that the quality of echocardiographic recording is highly important. Poor image quality does not, however, explain why in the present study left ventricular wall thickness was a better predictor of left ventricular pressure than the two formulas since the same echocardiograms were used for determining both sets of correlations.
Inaccuracies of measurement Small inaccuracies of measurement are inevitable even in good quality echocardiograms,24 although making repeated measurements minimises the errors. '4 In the calculation of a ratio such as LVWd/Dd, however, inaccuracies tend to be amplified because an error in locating either endocardial boundary will increase one measurement and decrease the other. An error of as little as 1 mm in either endocardial boundary may change the predicted left ventricular pressure by as much as 20mmHg.
Assumptions in the derivation of peak circumferential wall stress The estimation of peak circumferential wall stress by M mode echocardiography requires the assumption that the left ventricle behaves as a thin walled sphere. If this assumption is only partly correct then the accuracy with which left ventricular pressure can be predicted by M mode echocardiography will be limited, even with a technically perfect recording.
Constancy of wall stress in aortic stenosis
There is now a considerable body of experience suggesting that the process of adaptation to increase afterload is stimulated by abnormal wall stress and completed only when wall stress is returned to normal.'6 2S There have, however, been two reports of abnormal wall stress in patients with compensated aortic stenosis. 262 The results of this study allow a clearer understanding of the place of these various methods of assessing left ventricular hypertrophy in the investigation of patients suspected of having important aortic stenosis. Of course in the clinical setting none of these variables would be used alone for the assessment of an individual patient, but a knowledge of the sensitivity, specificity, and confidence intervals indicates how much weight to place on a particular result. In adults, who ate good echocardiographic subjects, mean diastolic wall thickness provides more reliable information than either the electrocardiogram or left ventricular pressure predicted from formulas. If the echocardiograms are anything less than high quality their reliability resembles that of the electrocardiogram. In children left ventricular pressure predicted from the echocardiogram is the most accurate method, but the correlations are not sufficiently strong for an investigator to be confident in borderline cases. 
